The red palm weevil (RPW) Rhynchophorus ferrugineus (Olivier), (Coleptera: Curculiondae) is a key pest of date palm in the Middle East. This weevil is currently being reported from over 50% of the date growing countries of the world. The date palm Phoenix dactylifera cropped area in the Middle East, has significantly increased during the last two decades where date palm is mainly propagated through offshoots. The red palm weevil larvae are often found in the offshoots, resulting in the spread of the pest and also its re-inoculation where RPW is already controlled. Currently, there are no quarantine protocols to ensure that date palm offshoots which are transported for planting, are free of RPW larvae. In this study, date palm offshoots were sprayed while still attached to the mother palm and also dipped separately with Fipronil 3.5% (Thripguard 35 SC TM ) and Imidacloprid 35% (Confidor 350 SC TM ) a day after detachment from the mother palm. Fipronil and Imidacloprid were tested at 0.008 % and 0.01%, respectively. Results revealed that dipping gave complete mortality of the larvae. Dipping was significantly better than spraying since spraying resulted in only partial mortality of the larvae. It was also seen that dipping offshoots in Fipronil 0.004% and 0.002% for 30 and 60 min, respectively, resulted in 100% mortality of the larvae tested. Further, toxicity studies resulted in complete mortality of larvae and adults that were exposed to offshoot tissue that was dipped in Fipronil at the above concentrations. For this reason, it is recommended to dip date palm offshoots in 0.004% Fipronil for 30 min before transporting to ensure complete mortality of the hidden larval stages, if any and complete certification and transport of the treated offshoots to the new planting site within 72 h of treatment.
INTRODUCTION
The date palm, Phoenix dactylifera L., is closely associated with the life of the people in the Gulf region of the Middle East. This region accounts for about 30% of the world's date production, with Saudi Arabia and the United Arab Emirates being the region's top producers (FAOstat 2012) . The crop has a high socioeconomic importance not only due to its food value, but also its capacity to provide many other products such as shelter, fiber, clothing, aesthetic beauty, and furniture (Mousavi et al. 2009 ).
The red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier) (Coleoptera: Curculionidae), has become a key pest of date palm and has been reported in over 50% of the date growing countries worldwide (Faleiro 2006) . In the Middle East, RPW was reported from Rass-El-Khaima in the United Arab Emirates, in 1985. It then spread to all the countries in the Gulf region infesting 5 to 6% of palms in the region (Zaid et al. 2002) . The annual economic loss due to eradication of the severely infested palms in the Gulf countries in which those countries had between 1 and 5% infestation, has been estimated to range from $5.18 to $25.92 million, respectively (El-Sabea et al. 2009 ). In the Mediterranean basin, RPW spread slowly during the mid-1990s and rapidly from 2004 onwards. In the Mediterranean basin, it is a key pest of Phoenix canariensis hort. ex Chabaud (Dembilio et al. 2009 ). Currently, RPW is reported to infest 40 palm species worldwide (OJEU 2008, Malumphy and Moran 2009; EPPO 2009; Anonymous 2013) with a wide ecological range in all the continents of the world. Recently, Fiaboe et al. 2012 have predicted the spread of the pest to new regions of the world using ecological niche modeling.
The Food and Agriculture Organization of the UN has identified RPW as a category-1 pest of date palm in the Middle East. The red palm weevil is reported to mostly attack young date palms less than 20 years old. Current management of the weezil is mainly through a pheromone based Integrated Pest Management (IPM) strategy. Early detection of infestation in the field is important to the success of any RPW-IPM programme (Abraham et al. 1998; Oehlschlager 2005) . Recently, an inspection of nearly 40,000 date palms in the Al-Hassa oasis of Saudi Arabia took place. There were found to be 167 infestations of which 78% were in the early stage of the attack and were treated with insecticide (Sallam et al. 2012) . Such infestations usually harbor RPW larvae that are eliminated with insecticide administered as a trunk injection (Faleiro 2006) . In Egypt, quarantine and certification programmes recommend zero tolerance for RPW so as to block the spread of the pest to secondary foci within planted acreage (Salama and Abd-Elgawad 2003) . Date palm is mainly propagated through offshoots which often harbour larval stages of RPW. In the early instars, the RPW larval stages are extremely difficult to detect due to lack of any visual symptoms of damage that are associated with the later larval instars. A RPW infested date palm exhibits several symptoms depending on the stage of attack viz. oozing of brownish fluid together with palm tissue excreted by feeding of larvae which has a typical fermented odor, drying of infested offshoots, tunneling of palm tissue by larvae, presence of adults and pupae at the base of fronds, fallen pupae around an infested palm, drying of outer leaves and fruit bunches and toppling of the trunk in case of very severe and extensive tissue damage (Abraham et al. 1998) .
Countries in the Middle East have issued federal decrees that restrict movement of palms, including date palm offshoots, in the region, due to the threat of RPW. Ideally, movement of planting material from infested acreage within the country and also from one country to another, needs to be stopped. Wherever this is not possible it is essential to implement strict pre-and post-entry quarantine regimes, wherein only pest free and certified planting material can be transported. Insecticide based on quarantine protocols have yet to be standardized for adoption in the field with respect to transport/shipping of planting material, especially date palm (Faleiro 2006) . There are no reports on quarantine treatments that ensure movement of RPW-free date palm offshoots. We tested and developed an insecticide based protocol that kills larval stages of RPW feeding inside date palm offshoots.
MATERIALS AND METHODS
The trials to develop insecticide based quarantine protocols against larval stages infesting date palm offshoots, were carried out using 3-5 year old offshoots of the premier Saudi Arabian date palm variety 'Khalas'. The trials were carried out at the Ministry of Agriculture's Date Palm Research Centre, Al Hassa, Saudi Arabia, under the following sequence.
Treatment method and insecticide efficacy
In this trial, there were three treatment methods (factor A) and two insecticides (factor B).
The treatments in factor A were (i) dipping the bole of date palm offshoots in insecticide solution for 6 h with holes to the bole of the offshoot, (ii) dipping date palm offshoots in insecticide solution for 6 h without holes to the bole of the offshoot and (iii) spraying the offshoots with insecticides at 10 L/offshoot. The treatments in factor B were (i) Fipronil 3.5% (Thripgaurd 35 SC TM ) at a concentration of 0.008% i.e. 2.3 ml/L, and (ii) Imidacloprid 35% (Confidor 350 SC TM ) at a concentration of 0.01% i.e. 0.3 ml/L. Fipronil is a broad-spectrum systemic phenylpyrazole insecticide, while Imidacloprid is a systemic neonicotinoid insecticide in the chloronicotinyl nitroguanidine chemical family (Tomlin 2011) .
To test for better absorption of the insecticides during the dipping, five slanting holes (6 mm wide and 15 cm deep) were drilled equidistantly into each offshoot in one treatment set while also dipping offshoots without any holes in another treatment set. The untreated control was maintained by dipping/spraying the offshoots with water.
After the dipping treatment, offshoots were placed standing/upright overnight to drain off the excess solution (insecticide/water) before inoculating with RPW larvae. In the spray treatment, offshoots were detached carefully from the mother palms after 24 h of spraying, and brought to the laboratory for inoculation with RPW larvae.
All the offshoots in the trial were split into two equal longitudinal halves. Additionally, two chambers (15 × 10 × × 3 cm) were prepared in one half of the offshoot. Each chamber was separately inoculated with three small (average weight of one larva: 0.20 g), and two medium (average weight of one larva: 0.70 g) RPW larvae that were previously starved for two hours. Subsequently, the other half of the offshoot was placed over the half inoculated with RPW larvae. Both halves of the offshoots were secured over one another with pliable wire. This trial was carried out twice using the two factor randomized block design wherein each treatment was replicated five times.
Observations on larval mortality were recorded 24 h after inoculation (48 h after dipping/spraying).
Standardize the concentration of Fipronil and duration of treatment
From trial 1, it was seen that dipping offshoots in Fipronil 0.008% for six hours without making holes to the bole of the offshoot, gave the best result. The next stage in the trial was to reduce both the concentration of Fipronil and also the time required for treatment. We tested three concentrations (factor A) viz. 0.004, 0.002, 0.001%, each of which was tested for 60, 30, and 15 min (factor B), using the dipping protocol (without drilling any hole) adopted in the first stage of the experiment described above. This trial was also carried out using the two factor randomized block design. Five replications were maintained for each treatment.
Test residual toxicity of insecticides against RPW
To assess the residual toxicity of the tested insecticides, a larva each (average weight of one larva: small -0.20 g, medium -0.70 g, large -2.24 g) and two newly emerged adults (male/female) were caged with 200 g of palm tissue scooped out of the treated (dipped/sprayed/ the control) offshoots, 72 h after dipping and 24 h after spraying. Subsequently, observations on larval/adult mortality were recorded after 4 days of treatment. Each treatment was replicated five times in the above trials. Similar residual toxicity studies were also carried out for the second trial involving the best treatment.
In all the above trials, data on mean mortality was subjected to analysis of variance (ANOVA). Results pertaining to the above trials are presented below.
Ten date palm offshoots treated with the recommended quarantine protocol were planted in the farm of the Date Palm Research Centre, Al-Hassa, Saudi Arabia, to record any phytotoxicity symptoms, during a period of one year, along with the untreated control and offshoots dipped in water only.
RESULTS
As regards the method of treatment, results on mean larval mortality presented in table 1 indicate that dipping date palm offshoots in insecticide was better than spraying. Also, statistically similar mortality levels were obtained in offshoots dipped in insecticide with and without holes. So, the indication is, that drilling holes in offshoots before dipping in insecticide is not required. Table 1 reveals that Fipronil is superior to Imidacloprid. Also, with regard to the dipping method interaction, the effects reveal that Fipronil recorded the best larval mortality (100% for small and medium larvae), while larval mortality with Imidacloprid ranged from 40-80%. All larvae in the control (water) treatment were alive.
Results pertaining to the reduction of the dipping time as well as the lethal concentration showed that (Table 2 ; Fig. 1 ) Fipronil 0.004% gave 100% mortality at both the 60 and 30 min dippings of infested offshoots Furthermore, 100% mortality of RPW larvae was also obtained when offshoots were dipped in Fipronil 0.002% for 60 min.
With regard to residual toxicity studies, 100% mortality of all the stages tested was obtained with 0.008% Fipronil using the dipping method (Table 3) . The residual toxicity studies further supported the above results. The indication was, that the dipping of date palm offshoots for six hours in 0.008% Fipronil would give the necessary protection against both the larvae and adults of red palm weevil. Drilling of holes into offshoots before dipping in insecticide did not significantly enhance larval and adult mortality and is therefore, not required to be incorporated into the quarantine protocol. It is pertinent to mention, that similar residual toxicity tests with date palm offshoots dipped in Fipronil 0.004% for 30 min, resulted in 100% mortality of newly emerged, small, medium, and large larvae, besides resulting in complete mortality of adult male and female weevils. There have been no phytotoxic symptoms recorded in any of the ten offshoots treated with the above protocol (Fipronil 0.004% for 30 min) for one year. All treated offshoots with the recommended protocol established well in the field.
DISCUSSION
In the trial pertaining to the method of treatment (dipping/spraying of offshoots) and choice of insecticide to kill hidden larvae of RPW in date palm offshoots, dipping was found to be better than spraying. Fipronil recorded a 100% mortality for both small and medium sized RPW larvae as compared to Imidacloprid where larval mortality ranged from 40-80% in the dipping method. Previously, Fipronil was reported recording the least LC 50 values against both adults and larvae of RPW among eight tested insecticides, indicating the high level of toxicity against this pest (Al-Shawaf et al. 2010) . Barranco et al. 1998 , through insecticide laboratory assays, found that more than 0.1 ppm of Fipronil incorporated in a semi artificial diet resulted in 100% mortality of young larvae. Complete mortality of 30 day old RPW larvae with Fipronil at more than 0.2 ppm was reported by Abdulsalam et al. 2001 , thus making it a choice candidate for insecticide based quarantine protocols against this pest. Semi-field trials with Imidacloprid applied by soil injection in preventive and curative treatments to P. canariensis in Spain showed 100% and 94% efficacies, respectively (Llácer et al. 2012) . Further, in a field assay against RPW, two applications of Imidacloprid per year successfully reduced mortality of P. canariensis palms to less than 27% compared to more than 84% for untreated control palms (Dembilio et al. 2010) .
Previous reports from Saudi Arabia and Israel recommended that the base of date palm offshoots be dipped in insecticide solution/mud-insecticide mixtures before they are transported elsewhere for planting as a quarantine measure (Anonymous 1998; Anonymous 2004) . The preferred insecticide, its strength, and duration of treatment, however, were not known. Our study indicated that, Fipronil 0.004% gave 100% mortality at both 60 and 30 min dipping of infested offshoots. Furthermore, 100% mortality of RPW larvae was also obtained when offshoots were dipped in Fipronil 0.002% for 60 min. Abdulsalam et al. 2001 reported that Fipronil was effective in suppressing adult emergence from pupae. Fipronil 50 Sc and 200 Sc achieved 100% mortality of larvae and adults at 25 ppm after one week. In our study, results pertaining to residual toxicity showed 100% mortality of all the stages tested including newly emerged larvae, obtained by the dipping method 72 h after treatment (0.004% Fipronil for 30 min).
Studies carried out in Spain in P. canariensis suggest that a dose of 1.14 g aluminium phosphide/m 3 for 3 days is enough to kill all the stages of RPW in an infested palm tree, and is recommended as a quarantine protocol provided the dose is not phytotoxic to the treated palms (Llácer and Jacas 2010) . No phytotoxic symptoms have been recorded in any of the ten offshoots treated with the above protocol (Fipronil 0.004% for 30 min) and planted in the field for one year after planting.
Sounding devices have been used to detect RPW larvae feeding inside the palm (Soroker et al. 2004) . These devices, though, need further refinement to attain better detection accuracy and eliminate the possibility of newly emerged RPW larvae going undetected. The insecticide based quarantine protocol of dipping date palm offshoots in 0.004% Fipronil for 30 min developed in the study, will help ensure movement of date palm offshoots free of RPW larvae besides protecting the treated offshoots from invading adults. This protocol can be implemented by the concerned authorities in date palm growing countries of the Middle East and elsewhere. The risk of concealed RPW larvae moving through date palm offshoots transported for planting will then be minimized. In addition to the quarantine protocol developed in this study for date palm offshoots, there is a need to develop a quarantine protocol against RPW for bigger date palms that are shipped/transported for ornamental landscape gardening and also to implement a strict regulatory mechanism of treatment, certification and monitoring of palms for planting (either for farming or ornamental gardening) based on the model of the European Union (EU 2007) where the palm trade is strictly regulated due to the threat of RPW.
